Abstract: Two experiments were designed to examine whether comodulation of signals cm improve signal detection in noise. Experiment I measured detection thresholds of amplitude-comodulated or randondy-modulated tonat complexes in pink noise. Results from three normal-hearing listeners showed no differences in detection thresholds. Experiment II measured the psychometric function for discriminating six sine-wave vowels in pink noise. mile no difference was observed between comodulated arrd randondy-modulated conditions, the psychometric function for an unmodulated condition was shifted by 3-7 dB towards lower signal-to-noise ratios. A possible explanation is that audito~fibers primarily phase-lock to forrnarrtfrequencies of the unmodulated stimuli and to the fundamental frequency of the modulated stimuli.
EXPER~ENT I
Experiment I measured detection thresholds of a 2/3-octave-spaced, six-tone complex in pink noise in order to examine whether comodulation would enhance the detectability of the tonal complex in unmodulated noise.
Method:
The tonal complexes were composed of 0.5, 0.8, 1.25, 2, 3.2 and 5 kHz pure tones. The overall level of the pink noise, which had a frequency range from 0.125 to 8 kHz, was 50, 65 or 80 dB SPL. The listeners' thresholds for each unmodulated and amplitude-modulated tonal component was individually determined in quiet and at each noise level. The relative amplitudes of the unmodulated and modulated tones were preserved as peaks in the unmodulated and modulated tonal complexes (Fig. 1a) to ensure equal audibility of each component.
The base level was varied to determine the threshold of the tonal complexes.
Comodulated and Iandomly amplitudemodulated tonal complexes were 100% modulated at 10 Hz. Signals and noise both had a duration of 500 ms and were shaped with 20-ms cosine2 rise/fail times. They were presented monaurally through an ER3 insert earphone. Three normal-hearing listeners participated in this experiment. A 3AFC with 2-down 1-up adaptive procedure was used to determine the 70.770 threshold level. Training was provided prior to the test sessions. 
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Overall Noise Levels(dB SPL) FIGURE 1. (a) A hypothetical tend complex displaying the relationship between the peaks and the base.~) The averaged thresholds of unmodulated (UM), randotiy-modulated @M) and comodulated (CM) tonat complexes.
Resulti: Thresholds for both the pure and complex tones increased with noise levels. There were no statistically significant threshold differences between the unmodulated and modulated pure tones after correcting for the differences in rms level nor across the unmodulated, comodulated and randomly-moderated conditions at any noise level (Fig. 1b) , A follow-up experiment using the same procedure and a harmonic complex with components at 0.5, 0.6, 0.7,0.8, 0.9 and 1 kHz, also found no threshold differences across the different signal types. EXPER~ENTĩ sexperiment measured thepsychometric function foridentifying sixvowel-like stimuli in pink noise. The aim was to investigate whether comodulation would improve speech recognition in noise.
Methods:
Six sine-wave vowels, A, Z, A, a, o, u /, were composed of three equal-amplitude forrnant-frequency sinusoids. These sinusoids were unmodulated, comodulated or randomly-modulated by a 125-Hz sinusoid at 100% modulation. The overall level of the pink noise was 65 dB SPL and its level per cycle at 0.125~z was 31.5 dB SPL and at 8 kHz was 13.5 dB SPL. Listeners in Experiment I also participated in this closed-set vowel identification experiment. The listeners practiced until they scored 9590 correct or higher in quiet before formal data collection.
Results: While no difference was observed between comodulated and randomly-modulated conditions, the psychometric function for the unmodulated control condition was shifted by 3 to 7 dB towards lower signal-to-noise ratios (p<.01). The average shift was 4.4 dB at the 759o correct level. A typical example is shown in Fig. 2 . 
DISCUSSION
Two interesting findings were observed in this study. First, comodulation of a tonal complex signal did not facilitate its detection in unmodulated noise. This result is in contrast to CMR in which comodulating noise bands enhances the detection of an unmodulated signal and to a report that the detection threshold of comodulated noise bands is lower than the threshold of randomly-modulated noise bands in quiet (3). It is possible that the noise reduced the modulation depth of the modulated signals and reduced the correlation of the comodulated signals.
Second, the psychometric functions for the identification of unmodulated sine-wave vowels showed a 3-7 dB shift to lower S~ratios when compared to those of the randomly-modulated and comodulated vowels for trained listeners. In contrast, Carrell & Opie (4) reported that comodulated sine-wave sentences were easier to understand than unmodulated sentences for untrained listeners. The differences in results between the two experiments may due to training effect. Another possibility is that many auditory fibers phase-lock to the fundamental frequency of the modulated vowels (5) and they primarily phase-lock to formant-frequencies of the unmodulated vowels. Since formant frequencies are the primary cues for identifying vowels, unmodulated vowels were easier to be identified than the modulated ones in noise for the trained listeners.
